Results obtained by studying the possibility of replacing cement in mortars with local industrial by-products, i.e. with silica fume and red mud, are provided in the paper. The results of fresh and hardened mortar properties tests conducted on five mixtures in two series are presented. 10% of cement was replaced with silica fume, and 0%, 5%, 10%, 15% and 20% of cement weight was replaced with red mud. The first series was tested after 28 days of curing, and the second series was subjected to freezing and thawing cycles after proper curing, and then submitted to testing. The results point to satisfactory behaviour of mixtures with a low red mud content. 
Introduction
The demand for alternative materials that can replace natural raw materials for obtaining cement composites is currently on the rise. The production of mortar and concrete, the most widespread cement-based materials, has certainly reached many records figures in recent years. The consumption of natural raw materials in the manufacturing of these composites has increased considerably. Danger to the environment is reflected through the loss of natural resources, as well as in environmental pollution via emission of CO 2 gases during production. One of the first to blame is the cement industry, which is actually one of the largest environmental pollutants. It is directly responsible for about 8 % of total CO 2 emissions in the atmosphere [1] . According to the IMARC group, the total worldwide cement production amounted in 2010 to approximately 3.3 billion tons and, in 2017, this production exceeded 5 billion tons, which is an annual increase of about 7 % [2] . Interestingly, according to some predictions, this volume of cement production was expected to occur no earlier than in 2050 [3] . One of the ideas is the utilization of industrial by-products as raw materials for the production of cement, or for the replacement of cement in composites [4, 5] . Usually, these waste materials are not further used in the industry from which they originate. The use of industrial by-products is justified by an appropriate chemical composition and particle size [6] . For instance, fly ash, silica fume, and limestone have already been successfully used as an addition during cement production. Cement mortar tests involving partial substitution of cement with silica fume and red mud will be presented in this paper. Red mud is a by-product of the industrial production of aluminium from bauxite ore via the Bayer process. It is estimated that 0.3 to 2.5 tons of red mud are generated from 1 ton of aluminium produced [5] . Bauxite exploitation in the world reached about 270 million tons in 2016, with a total of about 58 million tons of aluminium produced in the same year [7] . This means that over 120 million tons of red mud are generated annually [8] . According to its chemical composition, red mud consists of iron, aluminium, sodium, calcium, and silicon oxides, which is a good basis for research. Chemical composition varies widely depending on the bauxite origin and aluminium production method used. Average values are given in Table 1 . Average pH value of red mud is 10 -12,5, while its particle size is <10 μm [4] . Red mud can not be considered as a full-fledged artificial pozzolan because it does not meet all necessary requirements. However, its index of pozzolanic activity is favourable, and constitutes a good basis for further research [9] . Red mud consists of aluminium and silicon oxides, and can therefore be used as a raw material. Its alkaline character is compatible with cement matrix and, for active formation of CSH gel, pH value should be greater than 11.5 [10, 11] . In other words, hydration will not occur if the pH value is lower than 9.5. The study of hydration of Portland cement to which red mud was added is presented in [12] . It was established that the hydration time was shorten when red mud was added to the sample. Investigations of red mud utilization as clinker have also been reported [13, 14] . In addition, researchers are investigating partial replacement of cement with red mud in mortars and concrete [5, 6, 15] . Durability properties are positively affected by addition of red mud as partial replacement of cement in composites [15] . This is however detrimental to rheological properties of the fresh mix, which must be corrected by adjusting water content [12, 16] . Compressive strength usually decreases with the addition of red mud [9, 16] . On the other hand, some research points to a slight increase in compressive strength when red mud is added [17, 18] . This is dependent on the origin and chemical composition of bauxite [19] . The investigation of cement mortar properties is presented in this paper. Five mixtures in total were prepared with partial replacement of cement with red mud. The latter was added in the quantities of 0 %, 5 %, 10 %, 15 %, and 20 % by mass. Silica fume was added in the constant proportion of 10 % by mass of cement.
Materials
The Portland cement CEM II/A-M (S-V) 42,5N, with 20 % of slag and fly ash, was used in this experiment. Crushed and screened limestone was used as the fine-grained aggregate. The grain size distribution of aggregate (sand) is presented in Mortars with addition of local industrial by-products
Red mud was extracted from the Dobro Selo landfill, near Mostar, Bosnia and Herzegovina. It is estimated that approximately 10 million tons of red mud have been deposited in this landfill. The landfill is made of two reinforced concrete pools, in which the red mud is covered with a layer of water. Bauxite processing was stopped in 1991 and, since then, this landfill has not been active [20] . Chemical analysis of the red mud was conducted in 2016, and the corresponding results are presented in Table 3 .
The presence of sodium makes the red mud potentially harmful to environment, especially if it comes into direct contact with plants [21] . However, radioactivity measurements have shown that there is no direct increased radioactivity of red mud [22] , which means that it can be safely used in construction industry. The composition of red mud reveals the presence of aluminium and silicon oxide, as well as of calcium oxide. High iron content gives this material a recognizable red colour. Specific gravity of the red mud was determined by pycnometer method, and it amounts to 3.15 g/cm 3 , while density in compacted state is 1.35 g/cm 3 . The specific area (fineness) was determined according to EN 196-6 by the air permeability method (Blaine method), and it amounts to 8300 cm 2 /g. The silica fume used in the experiments originates from Jajce, Bosnia and Herzegovina. It is a waste material generated during production of silicon alloys. 9.000 to 10.000 tons of silica fume are generated annually during the production process. Particle size is 0.1 to 0.2 μm, which is approximately 100 times smaller compared to cement. Silica fume was added in liquid state with 44 % of solid matter.
Experimental program
The behaviour of fresh and hardened cement mortars, with partial replacement of cement with red mud and silica fume, is analysed in the study. A total of five mortar mixtures were prepared in two series. The composition of these mixtures is presented in Table 4 . Silica fume was added in the constant quantity of 10 % by cement mass. Red mud was added as 0 %, 5 %, 10 %, 15 % and 20 % by cement mass. The mixture containing 0 % of red mud was the control (reference) mix. The water binder (w/b) ratio was kept constant of 0,64 for all mixtures, while the water cement (w/c) ratio was variable (Table 4 ). All samples were prepared according to BAS EN 1015-2:2004.
Fresh mortar testing
Rheological properties, bulk density, and air content were tested in the scope of fresh mortar testing. As to rheological properties, mortar consistency was tested by flow 
Hardened mortar testing
The bulk density, flexural strength, compressive strength, and frost resistance values were tested in the scope of the hardened mortar testing. Flexural and compressive strength were tested according to BAS EN 1015-11:2002. Fresh mortar was prepared in three-piece steel moulds, and so three samples were taken for each mixture. Samples were poured into steel moulds at the vibrating table, and were then cured for no less than 24 hours, i.e. until reaching the strength that enables safe demoulding. After that, samples were cured for 28 days in water. Five mixtures from the first series were tested immediately after curing, and five mixtures from the second series were placed in the freezer and exposed to 25 freeze -thaw cycles. Freezing temperature was -20°C, while thawing temperature was +20°C. Frost resistance was determined by comparing compressive strength results of the two series.
Test results

Fresh mortar test results
To ensure proper fluidity of mortar, the measured spread of mortar on the flow table should be greater than 140 mm [19, Table 5 . The average spread decreases from 179 mm for CM1 mixture, to 160 mm for CM5 mixture. Mortar consistency is significantly affected by the addition of red mud, since red mud particles are considerably finer than cement particles, and they require more water for wetting. It should also be noted that the presence of silica fume only enhances this effect. It is important to emphasize that the water binding ratio is equal for all mixtures, i.e. the amount of water is unchanged. Consistency tests for all mixtures are presented in Figure 1 .
Table 5. Average test results for fresh mortar (two series)
Average test results for air content in fresh mortar are presented in Table 5 . Air content in fresh mortar is also affected by particle size. Smaller particles fill the voids and reduce air content. Average values of air content decrease from 1.85 % for CM1 mixture to 1.60 % for CM5 mixture. Average bulk density values for fresh mortar are also presented in Table 5 . An average bulk density value for CM2 mixture is slightly lower compared to CM1. Bulk density for mixtures CM3, CM4, and CM5 is higher compared to CM1. The CM5 mixture has the highest average value of 2211.7 kg/m 3 .
Hardened mortar test results
The samples were weighed and measured after 28 days of curing. Bulk density results of hardened mortars are presented in Table 6 . Average values of all test results per mixture were compared to the control mixture CM1 (that does not contain red mud). An increase in bulk density was registered for all mixtures. Only CM3 mixture exhibits a slightly lower increase in bulk density. CM5 mixture shows highest bulk density, which is by 1.30 % higher compared to the control mix CM1. The flexural and compressive strength of the series 1 hardened mortar was tested immediately after curing. Flexural strength results are presented in Table 7 , and average compressive strength values (for 2 results per sample) are presented in Mortars with addition of local industrial by-products Similar to flexural strength, compressive strength also decreased for all mixtures with red mud when compared to control mix. The highest decrease was registered for CM5 mixture (17.69 %). Such decrease is expected, since lower pozzolanic activity is exhibited by red mud in this condition [10, 16] . Just like for series 1, flexural strength for series 2 was tested prior to compressive strength. The corresponding results are presented in Table 9 . Samples belonging to series 2 were exposed to 25 freezing and thawing cycles after 28 days of curing. Freezing temperature was -20°C, while thawing temperature was +20°C. Flexural strength results for series 2 are significantly lower compared to those registered for series 1. CM2 mixture shows an increase in flexural strength (8,46 %), while CM3 and CM4 mixtures exhibit slightly lower results compared to control mix. CM5 mix exhibits a notable decrease in strength compared to control mix. Average compressive strength test results for series 2 are presented in Table 10 . The average value for CM2 mix shows a slight increase of 2.46 % compared to control mix. Mixtures CM3 and CM4 show a decrease in strength of up to 10 %, while CM5 mixture shows a substantial decrease in compressive strength. Similar flexural and compressive strength results were registered for series 2. In both cases (flexural and compressive strength) CM2 mix showed slightly better properties compared to control mix. Also, the intensity of decrease in the flexural and compressive strength of the CM3 and CM4 mixtures in similar. This can be explained by the presence of fine red mud particles that seal the pores and reduce porosity (which is evident from Marko Ćećez, Merima Šahinagić -Isović the air content test), i.e. they reduce the amount of water in the sample that can be frozen, and the amount of the cement is still large enough for hydration process.
Frost resistance of mortars was tested according to literature recommendations [23] . The resistance was assessed by comparison of compressive strengths for series 1 and 2, as shown in Table 11 . Reduction of strength is not uniform for all mixtures. CM1 and CM5 mixtures show a substantially greater decrease in strength compared to CM2, CM3, and CM4 mixtures According to recommendations given in [23] , a mortar can be considered resistant to frost if the decrease in compressive strength is lower than 20 %. This requirement has been met by all mixtures with the exception of CM5. The decrease in compressive strength is the lowest for CM2 mixture, where it amounts to only 2.80 %. In addition to strength, weight comparisons were also made, but no mass loss was registered for any of the studied mixtures.
Conclusion
The paper presents research on the properties of fresh and hardened mortar to which locally available industrial byproducts, silica fume and red mud, were added. The following conclusions can be drawn from the presented results: -Consistency and air content of fresh mortar reduce with an increase in red mud content in the mixture. This research has shown that it is possible to prepare mortars by substituting cement with locally available industrial byproducts. Samples with higher red mud content (over 15 %) show significant decrease in mechanical properties, while mixtures with low red mud content (5 %) behave satisfactorily. In addition, it should be noted that the water binder ratio was the same for all mixtures in this study. Mortar behaviour should be further examined by retaining the same water cement ratio, and a variable water binder ratio and, optionally, by involving the use of additives. Due to fineness of red mud particles, the samples have proven to be more durable after exposure to freezing and thawing, which is especially true for the mixture with 5 % of red mud. This should however be confirmed by additional tests. 
